A galvanostatic pulse electrodeposition technique of preparing nanoparticulate PtRu electrocatalyst for direct methanol fuel cells has been demonstrated. After extensive cyclic voltammetric analysis, we determined the optimized parameters for the methanol oxidation to be current on-time on 50 ms, current off-time of 400 ms, current density of 50 mA/cm 2 , and total charge of 8.0 C/cm 2 .
by mixing 5.0 mg Nafion solution (5.0 wt%) and 8.0 mg commercial carbon powders (Vulcan XC-72R) in 5.0 ml 99.5 wt% ethanol for 30 min. The ink dispersion was deposited carefully on a 2×2 cm 2 carbon cloth which was kept at 80˚C atop a hotplate to evaporate the residual ethanol. The coating of the ink dispersion effectively reduced the surface area, porosity, and capacitance of the carbon cloth. Afterwards, an electrochemical treatment was adopted by imposing multiple voltammetric cyclings on the carbon cloth at potential between -0.2 and +1.1 V (vs. Ag/AgCl) at a scan rate of 50 mV/s in an electrolyte of 0.5 M sulfuric acid. The purpose for this step was to homogenize the pretreated carbon cloth and expose a larger surface area. For subsequent pulse electrodeposition, the electrolyte was prepared by mixing proper amounts of RuCl 3 and NaNO 2 (1:10 molar ratio) in aqueous solution at 100 ℃for 1 hour, followed by addition of H 2 PtCl 6 and cooled to room temperature. Then, the H 2 SO 4 was added to increase the conductivity of the plating bath. The resulting concentrations for the Pt, Ru, and H 2 SO 4 are 5.0 mM, 5.0 mM, and 0.25M, respectively. , and 500 ms, respectively. Earlier, it was established that the characteristic peak for the hydrogen adsorption and desorption at Pt surface appeared in the potential range of -0.12-0.02 V [7] [8] [9] [10] . However, in the case of PtRu, the oxidation of Ru into RuO x H y was taking place concurrently and thus the CV responses became rather broad. As expected, we observed broad CV profiles from all samples. In particular, the curve from T off of 400 ms exhibited the largest current value.
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Since the area underneath the CV scans also reflects the effective electrochemical surface area, we surmised T off of 400 ms to be of great interest among all our samples. Figure 3 (B) demonstrates the CV curves in 0.5 M H 2 SO 4 and 1 M CH 3 OH. These CV profiles provide critical information including the onset potentials, forward/backward peak current (i f ), and the ratio of forward peak current to backward peak current (i f /i b ).
These values are listed in Table I along with the information on particle sizes (from TEM) and Pt ratios (from ICP-MS). In methanol oxidation, these recorded CV curves demonstrated typical characteristics of PtRu, i.e., they were consistent with what have been reported in literature [11] [12] [13] . Interestingly, the sample for T off of 400 ms revealed the highest ability for the methanol oxidation. In summary, we successfully demonstrated the growth of PtRu nanoparticles on carbon clothes by a pulse electrodeposition technique. By varying the durations for T off , we were able to produce PtRu in various compositions and particle sizes. We determined that a T off of 400 ms produced nanoparticles with the highest catalytic ability for the methanol oxidation. The sizes for the PtRu was in 4-20 nm range while its composition was Pt 64 Ru 36 . In addition, the measured mass activity was approximately 213 mA/mg. We also observed that a shorter T off resulted in lower catalytic abilities. 
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